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D.l. Vcnctatlmi mupplii;’ 

The major thruot of the paot three motitha hao been devoted to the dlj'ltal 
proceosinc of LANDSAT data for a ootiofactory vep,etatlon elamsif ieatlon. 
In November an unoupervlued claenif Icatlon v/oa f',enernted fn^ entire 
plannlnjj unit. Data from every fifth line and column v;aa uaed to dc<- 
fine tv/elve opoctral claoaes. Thla claocification v;at; considered t(» 
be unaatinfactory after examination revealed lack of necesoary infor- 
mation content for the U.S, Foreat Service purpooen, 

A modified cluBtering approach vjao then decided upon in the hope of 
obtoinins better resulta (Hoffer,. et al 197A; Flerains et al 197S), 

For this oecond classification seven traininp, areas were used, five 
training areas east of the Continental Divide in the lUo Grande National 
Forest (September quarterly progress report) » and two training areas 
on the west side of the Continental Divide in the San Juan National 
Forest (Figure 1), The tv?o training areas west of the Continental 
Divide were added to represent vegetation classes not Found or not 
adequately represented in the other five training areas, TralnJng 
area //6, Chrorao Bend> contains oak*>ponderosu pine cover types v/Iili 
some Douglasflr and meadow. Training area //7, Squaretop Mountain, 
is a glorious mixture of classes from pure conifer, to coniferous/ 
deciduous to pure aspen. 

Each training area was independently clustered into the "optimum" 

(minimum Wilkcs-Lambda) number of spectral classes (called cluster 
classes) using LANDSAT MSS data. A statistics deck for twenty-three 
spectral informational classes v;as pooled from the cluster classes of 
all seven training areas. These twenty-three classes were derived on 
the basis of spectral separability, but have been tentatively identi- 
fied by photointerpretation of each training area for the cluster 
classes. The statistics deck of the twenty-three spectral informational 
classes was used to classify the entire study area, Resultant map 
products in line printer output were; 

Six 7'*2* U.S.G.S. quadrangles selected for intensive study displaying; 

a) each of the twenty-three spectral informatlonaJ 
classes as a different symbol 

b) eight Informational classes as a different symbol. 
Informational classes are formed by grouping spectral 
Informational classes to illustrate speciflv features 
of Interest. 

Forty-seven test fields in two of the intensive quadrangles (Flatoro 
and Chromo NE), were selected for a preliminary quantitative evalua- 
tion of the classification. The test field performances are shown In 
Table 1, Certain problems within the classification were emphasized 
by the quantitative evaluation. Ponderosa pine is being confused with 
the mixed coniferous forest informational class (mix) , There Is also a 
problem in separating the aspen category from the oak category. 


Ct Problcma Encountered, 

No problems wore encountered during this reportinc period. 


i 


¥ 


Figure 1, Training areas used in the vegetation classification 
of the Southern San Juan Mountains Planning Unit, The 
training areas were selected to represent the cover types 
found in the Planning Unit, 
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Classification to be run again using additional training statistics 
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A qualitative evaluation of the elauDificatlon dinployiun twenty- 
three opcctral Infonimtional claooen identified iriajor psroblen nrean. 

Thlo evaluation uoed field data and aerial photography (NhSA tlinnkm 
73-101) ao rocouree Inforrootlon, The aerial photography wao euper- 
iraponed on the line printer output of the <-j anal float ton ualnp, a 
Pauoh nnd Ijoinb viotim trnnnfer aeope. The cpeetral InformaLlonal i la;ia 
for water woo p.ood. Two elnmiea f*ir Unmeliiiiinii iipruce/nobalplnc 1 Ir 
dlotln{;ulfjhed between hlp,h end modorate denaltleu («‘rm;n elofaire). 

Major problem orcan Identified v;cre: 

-confualon between oak and aupen on the weal tslde of tin* Coni In- 
ental Divide 

-confuolon betv;eon mo fat meadows and aapen 
-all ohrubo claaaifled an oak 

-oparoc denolty conifer (Ineludhir. krummliolK) clarjalfled arj 
ponderooo pine 

-come bore rock aroao dioplayed ac hlfjh reflectance bad data 
-dociduouo-eonlfcrouo forect included in all clanoeo from pure 
Douglaofir tbroush pure aopen. 

A clacciflcatlon with ouch low accuracy and with eonfucion amonc the 
claooeo io of little uoc to the Foreot Service, 

In early January Mike Fleming of the LARS team, wao in Colorado for 
several days. During tUlo visit the problems of the elasolf lent ion 
and probable causes were discussed. The probability that some of 
the spectral clasoeo from the training fields had been Improperly 
identified led to improper grouping of spectral classes. Another 
major cause of error wao insufficient representation of the cover 
types of interest In the training fields. 

As a result of the discussions, foiii addlllonal l raining arens Were 
selected, three west of I be (ImU InoiiLal Divide and n»ie east oi iht* 
Continental Divide (Figure 1). These training areas were added in 
Include cover types vdilch v;ere being confused In The spectral Infur- 
mational clasGeo. Training urea i?8, Harris Lake, v;as selected to 
represent the oak/aspen interface; training area //9, Upper Rio ulanco. 
Included meadow and a range of conlfcrous/dcciduous forest compositions; 
training area //lO, Terrace Reservoir, contained the mix categories as 
well as ponderosa pine, and sage V7hich had not been represented in the 
other training fields; training area //ll, Spller Canyon, has a wide- 
range of densities of ponderosa pine and oak. All eleven of the train- 
ing areas were used to generate training statistics for rhe third 
classification. 

All training areas were photolnterpreted from NASA Mission 75-101 
(scale 1:100,000) by the INSTAAR team. This photointerpretation Is 
the best possible for this particular mission, The color infrared 
aircraft photography was supplemented by U.S.G.S. 7*2' topographic 
maps, extensive field work in the Southern San Juan Mountains IMannJng 
Unit, and a background of ecological knowledge of the species concerned. 
All work was compared and checked by three members of the team, isieh 
experienced in photointerpretation. Differences of photolnterpreta- 
tion among team members centered on 10% of the total density and 10% 
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dcnoity of componunt opecioa dlfft>voncotJ fn Liu* ii)l3u*d rliiooi-n. 

Film ehorACtcriotica of hue, nnd tciituce were m^ed lii pliuto= 

interpretoMon for cover typeo In the otudy area arj tjimwii In Figure 2 . 
Thlo dlORram can provide n baoe for otlier phoiointerpretero unlnp, 
thlo particular covcracc. Stereo covernBc unlnp, a Mlinf;”') IIrIiL talile 
with 0 liauah and Lomb otereoocope p.ave the Ijcot tnapplnp, refiiUtu, iimnid 
arlco were then tranofered to a U.G.G.G. 7'/ topopraphlc map bane linin'-, 
a Dauoh and tomb coom tranofor ocope, The final cover type map for 
each training area lo on a mylar bane to permit overlay onto 7'j' mapn 
and printout at a ocalc of 1*^^<,000. 

Koch of the training aroao vno cluntcred aa enplalncd above* Fach 
cluoter clnno In each training area v;no described uaing aircraft covet" 
ago and the mylar covt?r type maj»a» The ItlSTAAIl team made a ten day 
trip to lAUS to work with the I.AIIG analyata in Uu* final pbaaen of thin 
analyolo* Several Itoratlono were neceaonry before tlu* twi-nty-flve 
final opcctral cloooeo were defined. Tv;o quadrangletj, 1‘latoro and 
Chromo NE were tioed during the analyolo to ched? the claooiflcation 
uolng variouo combinationo of the opcctral cluooeo. Tbc entire otudy 
area boo been dlaooiflcd for the third time uolng thene opcctral 
claooeo. A preliminary vioual evaluation of thlo clonolflcation ohowo 
it to be bettor than the flrot two clooGiflcatlono. 

The third clooolficatlon oliowo the maximum fjpettral Information which 
can be obtained uolng thlo data net with the current tecbnology avail" 
able at LARS. There otill oeemo to be come variation in the cover 
types repreoented by oome of the opcctral claooeo from one part of the 
otudy area to another. It lo pooolble that additional training aroao 
could more clearly define th?; opcctral characterlotico of the cover 
typeo being conoidcred, However, many training aroao would be necen- 
oary to account for the opcctral variation duo to clopG aopect, olope 
fjteepneso, vegetation moturlty, geographic dlotrlbutlon of plant 
communltleo, mo loture differ enceo, phenologlcal dlfferenceo, and the 
multitude of factoro which effect the opcctral reoponoe of vegetation. 
It Is doubtful that the time and money required to oelect additional 
training areas, Incorporate them into the training otatlotlco for 
classification, and to define the claooes would greatly Improve the 
classification. The other alternative would be to classify each part 
of the study area oeparately using a different oat of training otatlo- 
tics for each classification. Again, when computer aided analyolo lo 
done for small geographic areas the cost/return increases per unit 
area and becomes unprofitable (Hoffor, et alyl975). 

The twenty-five spectral classes have been broadly defined on the 
basis of the cluster class Identifications (Table 2). The INSTAAR 
team will check the classification throughout the otudy area using 
aircraft coverage. Each spectral class will be described in detail 
including geographical and ecological variation. These detailed de- 
scriptions will give the Forest Service a better feeling for the 
classification and make it more useful. 


FiRuro 2, Fi-U< tfcai;actcriol:ico of cover typea. Identifleotlon 
of cover typea by air phoCointerpretatlon lo baoed in part 
OR She color and texture of each cover type* No one color 
or texture deocrlbcs one cover type. Facli color on thits 
dlasratn rcprcQcnto a point on n contlnuoun fjpectrura# U'lve 
color of a cover type falln ulthln a portion of the npectrujn. 
The number and color doQcriptionR are baaed on National 
Duroau of Standardo TSCR-NBS oyatem of color der3lp,natlona. 

Key textural characterlatico of each cover type are Riven 
In j'arantheQes. 



1 


t 


»9~ 

Table 2. Spectral claoa IdenClClcatlona baivd on pliotolntcrprctation. 

Sncetral clann Donor lpiion 

A water* aome nliaOow 

B 80-100% opruce/flr 

C 70-80% npruce/flr 

D 70-80% opruce/fir, Doup.laaflr; wJtli up to in% atJpon 

E 70-90% aprucp./fir, Doup,.laai'lr! v;lth 10-20% anpcni 

F mix claoo, predominately conlferoun with f3ome deelduou!! 

G low denoity conifer with {jraon, includeo qome edj’e effect 

11 low dcnclty conifer with ci^udo, Includeo Urumtnhnla 

I rocky, dry Rranoland 

J mix class, nppjroxlnately hnlf oeulduoun, half coniferous 

K 100% aspen 

h 100% aspen 

M 100% aspen with small meadows 

N 100% aspen with small meadows 

0 mix class, predominately deciduous 

P moist prassland 

Q sparse aspen (C 50%) with Rrass and rock understory 

R sparse deciduous. Includes ^50% aspen, cottonwood, willov? 

S moist grassland, irrated pasture 

T dry grassland, in tundra-late snowbank areas 

U dry grassland 

V rocky, dry grassland, less than 30% density 

W bare roik and soil, exposed 

K bad data 

Y bad data 


I 


I 


1 



t 


- 10 - 


The proccHQ Involving eevcral clans If icotlono and manipulation of the 
spectral cIqsbco for training otntltjtlcs eraphnolzcd the need for the 
involvement of personnel who have a good ecological baeUgrouud, are 
familiar with the study area through field v;ork, and who liavo an under- 
standing of the principles Involved in digital processing. These 
people must work closely with the ultimate users to determine their 
needs* and with the analysts to see that the needs are understood and 
fulfilled as far as the systems apd technology will alloir. Thits be- 
comes especially Important in areas where there is a comple:; mosaic 
of vegetation types. 


D.2. Results tape. 

The anticipated final product of this project in a ’'rQoults tape" 
which will be Incorporated into the Forest Service computer facilities 
in Fort Collins, Colorado, Each individual forest has a terminal to 
these facilities. The Forest Service has already developed the R-2 
mapper (U.S. Forest Service 1973) softv;are which can handle multiple 
levels of resource data. The results tape will be put into a format 
so that it can become an on-line item through the R-2 mapper so£tv;are. 
The results tape would allow the Forest Service to use the efforts of 
this project in day-to-day activities. This tape will Include three 
channels of topographic Information; slope aspect In twelve cate- 
gories, slope percent in six categories, and elevation in 100 meter 
increments; and one or more channels of vegetation Information derived 
from LANDSAT data. There will be additional channels available for 
the Forest Service to add their otm digitized data such as soils or 
geology, or even management parameters. The results tape will give 
the Forest Service versatility in display options for the parameters 
available on tape. 

In discussions with Forest Service personnel over the past two years 
±t has become evident that there Is a wide variety of needs for vege- 
tation and topographic information through the various offices of the 
Forest Service, Regional offices often need a map of generalized vege- 
tation, the planning effort needs to consider all vegetation types 
for management decisions, and the day-to-day operations of the forest 
use specific cover types and topographic parameters. The twenty-three 
spectral informational classes (two additional classes are bad data) 
with detailed descriptions will allow the Forest Service personnel to 
group classes into generalized cover types, or to select the cover 
types of emphasis, or to combine vegetation with topography such as 
all aspen on southern exposures above 2300 m (7545 ft.). This gives 
a variety of display options at the command of the user. 

The multichannel data set used by LARSYS is in the Multlspectral 
Image Storage Tape format (MIST). The LARSYS MIST format was selected 
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for the rcDult £3 taiu* almu* It. In bimicully a byii* nrlfnii'd foriiwa uhlch 
lo common to many film output and plotter devlceu and allmm dlroet 
cbecklnp, of the tape by other UUSYti proceononu 'Jlie tape can be 
eanlly converted to pure byte format by otrlppinp, oft the LAlUlYtJ Ident- 
ification record and calibration byten, Baulc planning, and initial 
coding has been completed. Tent output oliould be obtained by the 
first of March, 1976, 


D.3, Precision correction. 

The initial processing of LANDSAT data for geometric correction and 
rescaling only approximates the scale of the U.S,0,S, 7^' topographic 
maps. There is .about 1 ^ 7 , horizontal compression and 22 vertical 
stretch. This is about -'g mile shift per quadrangle. The Forest Ser- 
vice needs to have the vegetation and topographic Information eaae.ilv 
match their base, maps so that additional data can be added using Forest 
Service mops. This Involves polUleal boundaries and plamiing unit 
boundaries which are not easily digitized. Precise overlays are also 
necessary for accurately locating tlie test fields from field data 
on the greyscales. LARS has the ea|)ablllty of performing a preclfjlon 
correction ah a set of LANDSAT data. The precision correction has 
been completed for the study area. The tliltd classification was done 
using the precision correction, and all further v;orIc Involving test 
field locations and Forest Service Interpretation will use output 
from the precision correction. 


D.4. Landform Mapping 

Diazo Color Composites 

Effort during this report period was primarily devoted to the creation 
of a master set of diazo transparencies for the color enhancemenL of 
the LANDSAT Imagery. Because the human eye can distinguish 350,000 
continuous color variations as opposed to only 200 shades of gray, a 
color display of LANDSAT data is optimum for manual interpretation 
(Warrington and Ryerson, 1974). Only two standard color composites 
are produced by the National Air Photo Library whereas other band color 
combinations may better enhance particular features of interest. 

Diazo color composites provide an easy and inexpensive means to mani- 
pulate other composite combinations. Three colors (usually tht; addi- 
tive primaries red/blue/green, or the subtractive primaries cyan/ 
magenta/yellow) are used with three of the four LANDSAT bands (usually 
bands 4, 5, and 7). When both positive and negative transparencies 
are combined, 48 different three band/three color combinations .are 
possible. 

The main advantage of the diazo process is the cost. Ready made color 
composite transparencies from NASA cost $12 each. For each color 
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compOBltc not nltrondy on i Ho, an additional :)'>U h; anno.-aicd. A ool 
o£ the 18 dlazo color ooparatcn ncuMlcd to tiialto all AH «‘olor compoaltej; 
cooto about $3,50. Matcrlalo uncd In cHpurlnumtatlon to detormlno 
the correct cxpoourco eont $30, Hvc'n with the additional cont of the 
orlBlnal poolfrive and negative traiinparoncieis, dianon are len:; enpen- 
Give and far more flexible for different Interpretation ma-do than 
the Gtandard compooltea. 

The main diGadvantaBo of dlazo color compooitoG 1 b that come renolu- 
tlon io loQt, The oeporate bando ore difficult to reclGter with one 
another, The layerlns effect when viewed with maBnlfication confuaen 
the interpretatlona to ooroe dcBree. BecauGe diazoo are another ntep 
beyond the orlslnal data, some Information and renolution in loot In 
the translation. However, the cont and flexibility of diazoa far 
outweigh the ollBbt lose of renolutlon. 

The dlazo proccGS Involveo film coated v;lLh a compound senflitlve to 
ultraviolet light, The emulsion side of a LANDSAT transparency Is 
placed on the emulsion side of the dlazo film and Is exposed to an 
ultraviolet light source. The film Is then "developed" with .unmonla 
vapor, For this effort, a model 101 Dlazo Printer and a model 202 
Developer from the Arkwrlght-Interlaken, Inc. were utilized, courtesy 
of the U.S, Geological Survey, Air Photo Division, Denver Federal 
Center. 

Cyan, magenta, and yellow dlazo transparencies were created for both 
positive and negative transparencies of bands 4, 5, and 7 from LANDSAT 
images 1425-17190, September 21, 1973, and 2222-17020, September 1, 

1975. Exposure times vary depending on the relative density of the 
TiANDSAT frames of interest, and thus, a small amount of experimenta- 
tion is necessary. In general, cyan dlazos will require about a 
half minute longer exposure than yellow dlazos, and exposures for ma- 
genta dlazos will be nearly twice that of yellow. For the mountainous, 
well vegetated southern San Juan Mountains, "llglit" Images such as 
positive band 7 and negative bands 4 and 5 require exposure times be- 
tween one and five minutes. Because dlazo film can not be overdeveloped, 
prolonged exposure to arailonia vapor will not turn the Image uniformly 
dark. Thus, development time was no problem. 

A preliminary analysis of all 48 composite combinations was conducted 
to detemine probabl;e utility in landforra mapping. The most useful 
composites are those with good color contrast as well as sufficient 
color variation. Even though all three colors were used in each 
composite, some combinations consisted of subtle variations of only 
one or two colors in the spectruu. and yielded little more information 
than the original black and white transparencies. Other combinations 
were too dark or poorly resolved. 

Because of the long exposure times required for negative band 7, the 
resolution of these dlazos was very poor and composite combinations 
involving them are generally useless. Most combinations using tv?o 
negative Images decreased color contrast. The best combinations 
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crjtif 3 lt)U'cl ol a pcmltlvi* Itaiul 7, a |)n«IUvr liaiul t»»- 'i, .im' a lU'j’.a- 
tivt! band 4 or 5. the rer.ulLlnj’, ten "bent" I'olov ea v;Hl lu> 

onaiyaed In greater detail during tiie next period. 

With the recent nequloltlon of oevoral cloud-free early v;lnter lraap,ea 
(2259-17073/Ootober 8, 1975; 2276-170X3/October 25, 1975; 2294-17012/ 
November 12, 1975) subtle differences in the topographic enpreorjit.nn 
of landforms may be revealed through snow enhancement. The light fitiou- 
storms during October and November, 1975 vjero followed by warm, sunny 
doys. This allowed differential melting of south and west-facing, 
slopes while north and east-facing fslopes remained snow covered. The 
shorp contrast between these slope aspects delineate subtle topographic 
expresolona not visible, on other l.ANCSAT Images. Stereo pairing, of 
adjacent early Xi7lnter Images allows easier Identification of topo- 
graphic features such an large landslides and drainage patterns. Thefje 
early winter Images will he evaluated further Jn the next few monthr;. 


D.5. Projected activities. 

The next three months will be spent finalising the act Ivl Lies of tills 
project. The third classification, using the modified clustering 
approach with eleven training areas, will be evaluated for the entire 
study area using aircraft coverage. This evaluation will give a 
qualitative estimate of the accuracy, and point out the spectral in- 
formational classes which are causing problems, A detailed descrip- 
tion for each of the twenty-three spectral informational classes will 
be Xinritten from the visual examination of the classification and the*, 
study area. The detailed descriptions will consider the variation of 
cover types in each class with geographic, topographic, and ecological 
variations throughout the study area. If there are any glaring errors 
which could be corrected through recombination of statistics from 
the cluster classes, this will bo done. Otherwise, this classification 
is final. 

Test fields v'ill be selected to quantitatively evaluate the classifi- 
cation using three methods; 

1) automatic selection of 2X2 pixel test fields on greyscales of 
six quadrangles, photolnterpreted from aircraft coverage as 
reference data, 

2) manual selection of large homogenous areas from aircraft 
coverage, 

3) combination of automatically selected data point grid and 
field data as outlined in the third quarterly report. These 
fields must be relocated due to the shift resulting from the 
precision correction. 
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The automatic evaluation of the clariolf feat Ion v;lU be made uolnn all 
three methods of tent field oolectlon to plve a eomparloon of the 
mothodot 

There are oeveral optlono no to the form the final clnuolfieatlon vjill 
have when it Id incorporated into tlic recultfi tape. DlneuDoiona will 
be hold with the foreat Service ao to which optlono will be the moot 
uaeful. The reculto tape will be flnlohed and Incorporated Into the 
Forest Service computer facility at Fort Collino» Colorado. 

The evaluation of the landform mapping Byetcm will be flniohed, The 
best diazo combinatlono of LANDSAT data will be analyzed. A landform 
map will be^ produced uolng the boot features of the diazo eumbinatlona. 

A coet/benefit of LANDSAT data ond computer-aided analysia technlqueo 
v;lll be derived based on this project. 

Workshops and discussions v7ill be held X'jith the Forest Service In 
regional and forest offices to aid in the understanding of remote 
sensing, an evaluation of the current project, and the development of 
future applications of remote sensing within the Forest Service. 
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E, SiBnificant Henulto. 

There arc nu author IdcnUf led olBniricmU remiUa diirlim thl 
portlns period. 
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Ft Fubllcatlonot 

There have been no publlcatlonc or public preaentatlono durlnp, thio 
reporting period t 


G. Rceommcndatlono 


n 




II. Alvcraft Data. 

Rccipt ol; the two film typco of NASA Mloolon 75-10I Dao been 
invaluable to thlo otudy. The more than 502 overlap provldeo 
good Otero viewing on the email oealc coveroge v;hich bao been 
very much appreciated. The email oealc eoverage In being uned to 
oolcct teot oroao throughout the otudy oite for evoluating 
the computer generated vegetation elanoi float ion. Thlo coverage in 
oloo the main ronourco data being uned for tlie detailed deoeripLlonn 
of the twenty-three npectrnl e.lauoerj. The larger tseale coverage 
was UHc'd by hAUS to identify the cluoter cluooen of each 
of the training areno. 


*Valuo of dota allowed 
Value of data ordered 
Voluo of data received 


01»S36 

01,400 

01,400 


AWlth authorization from Dr, Price moniea were ohifted to 
enable uo to purchaoc the needed aircraft covernBc. 

Imagery account //G23760 adjuQted ballonce $134,00 
CGT account //GB3760 adjuoted ballnnce $400,00 
Aircroft account //GW37C0 odjuoted ballnnce $06,00 


J. rundn Expended* 
Flrot Quarter 
Second Quarter 
Third Quarter 


Fourth Quarter 

Salarieo ond v/aseo § 7,576 

Indirect cooto and 
oupportiVQ Dcrvicoo $ 3,609 

Travel $ 1,566 

Materialo $ 050 

Subtotal $"137661 


Subcontract 

Total 


0 16,336 
0 10,031 
$ 10,060 


$ 61,876 
$118,570 


